INTRODUCTION
Fossil evidence documenting the first 4 Myr of hominin evolution has grown substantially over the past two decades. While several early taxa have been identified (Ardipithecus, Sahelanthropus and Orrorin), much of our understanding of what the earliest members of the Australopithecus -human clade were like still comes from the best-known species of Australopithecus, Australopithecus afarensis. However, Au. afarensis only appears as early as 3.6 Ma and is not well represented in the fossil record until 3.4 -3 Ma (review in Kimbel et al. 2006 , see also White et al. 2000) . The new fossils from Woranso-Mille, Ethiopia , are 3.7 -3.8 Ma and probably part of this lineage as well. Australopithecus anamensis is the earliest known member in this clade, appearing by 4.17 Ma in Kenya and Ethiopia, and is the likely ancestor of Au. afarensis. Unfortunately, Au. anamensis is relatively poorly represented in the fossil record, so our understanding about this first 400 000 to about 800 000 years of the evolution of the Australopithecus -human clade is only sketchy at present. Even so, emerging evidence from what few fossils are known is beginning to hint that Au. anamensis was a species in transition and may offer important insights into the origins of a number of key hominin traits.
A previous detailed investigation of morphological changes through time in the successive site samples of Au. anamensis and Au. afarensis (Kimbel et al. 2006 ) documented a series of apomorphies that progressively appear throughout these samples, involving primarily the dentition, but also some aspects of maxillary and mandibular form. The pattern of the appearance of these traits strongly supports the hypotheses of anagenetic evolution of Au. anamensis to Au. afarensis.
One of the most important apomorphies of the Australopithecus -human clade is habitual terrestrial bipedality with loss of significant climbing abilities. Unfortunately, little is known about the postcranial skeleton of Au. anamensis. Australopithecus anamensis is only known from a femoral shaft, along with some unpublished vertebral fragments, partial metatarsal, eroded distal pedal phalanx and manual phalanx, all from Asa Issie (White et al. 2006) , a distal humerus, capitate, partial manual phalanx and partial tibia from Kanapoi (Patterson & Howells 1967 ; Leakey et al. 1995 Leakey et al. , 1998 , and a nearly complete radius from Allia Bay (Patterson & Howells 1967; Heinrich et al. 1993; Leakey et al. 1995 Leakey et al. , 1998 . The tibial diaphysis is oriented orthogonally to the talocrural joint, as is that of all later hominins, indicating a knee placed directly over the ankle during the single-limb support phase of terrestrial bipedal gait (Ward et al. 1999b) . However, more cannot be said at the present time about the details or extent of its adaptation to terrestrial bipedality. In almost all other major features, the known Au. anamensis postcranial elements resemble those attributed to Au. afarensis. The exception may be in the capitate, which appears to have separate dorsal and plantar articular facets for MC2 like in extant African apes, and unlike Australopithecus, Homo, Ardipithecus, Proconsul (Beard et al. 1986; Lovejoy et al. 2009) or the unknown 3.5 Ma hominin from South Turkwel, Kenya (Leakey et al. 1998; Ward et al. 1999a ). This small feature may indicate some differences in locomotor or manipulative function, but until more fossils are recovered our ability to infer postcranial variation among species is highly limited, and little more than can be said about whether the same pattern of locomotor or manipulative ability seen in Au. afarensis also characterized Au. anamensis.
Even less is known about its cranial anatomy. Only a temporal bone and some maxillary fragments are known. Australopithecus anamensis appears to have a smaller external auditory porus than later hominins, and a potentially more obtuse angle of the tympanic plate along with a weakly developed articular eminence (Leakey et al. 1995; Ward et al. 2001) . However, little can be said of the functional or evolutionary significance of this morphology without more cranial fossils.
In contrast to the skeleton and skull, there are several aspects of the jaws and teeth that are preserved for both Au. anamensis and Au. afarensis, enabling significant comparisons to be made in these elements. Previous research has noted evolutionary changes in relative canine size, canine and premolar morphology, mandibular and maxillary contours and incisor dimensions (Leakey et al. 1995; Ward et al. 2001; Kimbel et al. 2006; White et al. 2006) . However, the relative paucity of fossils attributable to Au. anamensis obscures detailed understanding of the quality, quantity and integration of many features that impact hypotheses about the evolution of adaptations in this lineage.
Overall, while the Kanapoi and Allia Bay fossils are distinguishable from those at Laetoli and Hadar, Au. anamensis is generally considered to be just an early member of the Au. afarensis lineage, with a few isolated morphological plesiomorphies. However, there is general consensus that Au. afarensis demonstrates evidence of a greater emphasis on the ability to masticate tougher or more abrasive food items, possibly associated with shifts in habitat or resource exploitation (Teaford & Ungar 2000; Ward et al. 2001; White et al. 2006) and/or broadening potential ecological niches. New fossil evidence provides even more evidence for shifting adaptations throughout this lineage.
The purpose of this paper is to review and summarize the morphology of the jaws and teeth of Au. anamensis and Au. afarensis based on previously published fossils, integrate data from some newly discovered specimens from Kanapoi (Manthi et al. in preparation) which provide new insights and consider the suite of differences seen between these taxa in an adaptive and evolutionary context. We note that most change occurs in the anterior portion of the face and jaws, with the most dramatic alterations occurring at or near the canine-premolar complex, but that patterns of change within teeth in proportions and shape often are uncorrelated. We propose that these changes signal possible dietary change and/or altered use of the anterior dentition in food processing in the early evolution of the Australopithecus-human clade, in conjunction with shifts in masticatory adaptations.
2. CANINE TOOTH SIZE, DIMORPHISM AND THE CANINE/P 3 COMPLEX The evolution of the canine teeth and mandibular honing premolar in hominins has received a great deal of attention ever since Darwin (1871) . Canine tooth size reduction is one of the few defining features of the hominin clade (Wolpoff 1980; Greenfield 1992; Haile-Selassie 2001 , 2004 White et al. 2006 White et al. , 2009 Suwa et al. 2009 ) and is recognized as a signal of important behavioural and adaptive changes (Plavcan & Van Schaik 1997) . For example, recent discussion of Ardipithecus ramidus places great emphasis on the importance of the canine/premolar complex for inferring changes in behaviour and diet-an assessment with a long tradition in anthropology (e.g. Darwin 1871; Brace 1971; Leutenegger & Kelly 1977; Wolpoff 1978 Wolpoff , 1979 Wolpoff , 1980 Lovejoy 1981 Lovejoy , 2009 .
At this point, two major features in hominin canine evolution are widely accepted. First, male canine teeth reduced in size relative to a likely ape ancestral condition, with a concomitant reduction of canine sexual dimorphism, early in the hominin lineage (Brace 1963; Jungers 1978; Wolpoff 1980; Greenfield 1992; Suwa et al. 2009 ). Second, by Au. afarensis, the canine honing complex is reduced or lost (Greenfield 1992; Haile-Selassie 2001 , 2004 Kimbel et al. 2006; White et al. 2006) . It is widely assumed that the loss of the hone is associated with selection for use of the tooth in diet, probably in food acquisition. The most explicit functional statement is that the mandibular canine changes to a more diamond-shaped profile so that the mesial crest can occlude with the lateral maxillary incisor (Greenfield 1992; Haile-Selassie 2004) . This observation is used to support the hypothesis that canine reduction and changes in morphology are a consequence of selection for incorporation of the tooth into a functional incisal battery (Greenfield 1992) .
While it may seem that canine crown reduction is a necessary precursor to alterations in canine form for other, presumably dietary, functions, an alternative hypothesis has been proposed. It is possible that canine tooth crown shape change is integrally linked to selection for the use of the canine in food processing and so would have occurred concomitantly with size reduction, not after it (Greenfield 1992) . Such reduction could be linked in two ways-first would be a general selective pressure for the use of canines in food processing that results in crown size reduction following relaxation of selection for the use of the tooth as a weapon. Second would be that selection for canine crown reduction would only be linked with changes in tooth form associated with dietary use of the tooth following an initial canine crown reduction and loss of dimorphism through a separate, unspecified mechanism. In other words, one model posits that canine tooth size in all primates, including hominins, reflects a balance between conflicting selection pressures for large canines as weapons and small canines for food acquisition (Greenfield 1992) , and the other posits that selection for dietary functions only occurred after canine dimorphism was lost, with a secondary crown reduction associated with the development of occlusal features that transform the canine into a tool for food processing and/or acquisition.
The large sample of Ar. ramidus fossils from 4.4 Ma strongly suggests that substantial reduction in male canine crown size and loss of significant dimorphism probably occurred near the origin of hominins and may not be apomorphic for the Australopithecushuman clade (White et al. 1994 (White et al. , 1995 Suwa et al. 2009 ). Indeed, Au. anamensis canine crowns appear to be approximately the same overall size as those of Ar. ramidus. Comparisons of associated dentitions demonstrate Au. anamensis had slightly larger basal dimensions of its canines relative to postcanine tooth size than did Au. afarensis (Ward et al. 2001) . Overall, individual tooth sizes do not differ between the species, with the exception of the maxillary canine mesiodistal dimension and some dimensions of P 3 and P 4 . The few preserved canine crowns in Au. anamensis appear no more variable, or presumably dimorphic, than those of Au. afarensis so there appears to be no evidence of evolution of dimorphism during this time period, either.
However, a single large Au. anamensis mandibular canine alveolus (KNM-KP 29287; Ward et al. 2001) , and to some extent a canine root with heavily worn crown from Fejej, Ethiopia (FJ-4-SB-1a; Fleagle et al. 1991) , suggested potentially greater canine crown size sexual dimorphism early in this lineage than previously appreciated, with the implication that canine dimorphism decreased at some point in the Au. anamensis -afarensis lineage. If so, this would be evidence of social and/or dietary evolution.
Three new associated dentitions from Kanapoi have clarified details of canine size and proportions of Au. anamensis (Manthi et al. in preparation) , provided new data on canine proportions and morphology, and suggested that Au. anamensis is a key taxon for understanding the adaptive significance of changes in canine form.
KNM-KP 47951 has the largest mandibular root of any known hominin (figure 1). Comparison of mandibular root size in Au. anamensis with those Au. afarensis, extant great apes and Homo reveals that root size variation in Au. anamensis was very strong, most like Pongo in magnitude (figure 1, table 1), implying strong dimorphism. This stands in stark contrast to Au. afarensis, which shows much less variation in root dimensions, and is intermediate to extant Homo and Pan in mean size. Unlike the roots, mandibular canine crowns are similar in all dimensions in Au. anamensis and Au. afarensis, and both have slightly larger and more dimorphic crowns than do modern humans, as also reported for Ar. ramidus ) but less so than in extant apes. Therefore, not only was there a clear dissociation between crown size and root size in Au. anamensis, such that size and dimorphism in the crowns were lost while size and dimorphism in the roots were retained, but the loss of root size dimorphism occurred sometime during the evolution of Au. anamensis into Au. afarensis. Interestingly, not only does KNM-KP 47951 demonstrate that the large alveolus of KNM-KP 29287 did not imply unusual crown size dimorphism, it also demonstrates that the canine root of KNM-KP 29287 would not have been unusually large, and may in fact have been a small male. It would not, however, have supported a larger crown than those preserved for Au. anamensis (Plavcan et al. 2009) .
Even with the new data, no dimensions of the mandibular canine crowns (length, breadth or height) differ between species (figure 1, table 2). However, there are dimensional differences in the maxillary canines (see also Ward et al. 2001; White et al. 2006 ) (figure 2, table 2). Australopithecus anamensis and Au. afarensis are equivalent in maxillary canine crown height and buccolingual breadth, but Au. anamensis maxillary canines are mesiodistally longer than are those of Au. afarensis (figure 3a, tables 2 and 3). Proportionately, Au. anamensis canines are almost exactly intermediate in basal crown shape (measured as mesiodistal length relative to buccolingual breadth) between extant great apes and Au. afarensis (figure 3a). Furthermore, Au. afarensis canine basal shape proportions are identical to those of extant Homo, after accounting for their size difference. The apparent progressive decrease in relative canine size from Au. ramidus to Au. afarensis, through Au. anamensis (White et al. 2006) , tracks mesiodistal length only, but not overall size of the tooth.
The change in canine basal proportions reflects change in canine -P 3 function. It has long been noted that the Au. afarensis canine/premolar complex loses its 'honing' function, in the sense that the distal edge of the maxillary canine no longer exclusively wears against the labial surface of the mandibular P 3 as in other primates (Wolpoff 1979; Greenfield 1992; Haile-Selassie 2004) . Metrically, it is only the maxillary canine and mandibular premolar-the honing teeth-that change basal shape (figure 3b) to become less elongate in outline. Mandibular canines and maxillary P 3 s do not. This implies no overall selection to reduce the teeth, but only selection to alter contact between the honing pair. So, while there may have been a loss of honing with early hominins (HaileSelassie 2001 (HaileSelassie , 2004 Brunet et al. 2002) , canine -P 3 occlusal relationships continue to evolve.
In addition to basal outlines, the canines and P 3 change other aspects of their crown shape significantly from Au. anamensis to Au. afarensis, strongly suggesting that selection favoured an altered function of these teeth. Both mandibular and maxillary canines become more symmetrical in lingual profile. Maxillary canines have higher shoulders and shorter mesial crests, and mandibular canines have lower mesial Dental evolution in Australopithecus C. V. Ward et al. 3335 shoulders and a less narrow, blade-like outline (figure 3c). Lower premolars develop a larger metaconid, and the protoconid shifts buccally. Marginal ridges become proportionately more distinctive, and the anterior fovea opens in a more occlusal direction (Leakey et al. 1995 (Leakey et al. , 1998 Ward et al. 2001; HaileSelassie 2004; Suwa et al. 2009; White et al. 2006) . These shape changes increase transverse contact area between maxillary and mandibular teeth, most logically owing to increased use of the canine in food acquisition or preparation, and perhaps the premolar in mastication as well.
The fossils demonstrate that canine shape changed significantly along with a shift in canine -P 3 occlusal relationships in the Au. anamensis -afarensis lineage, while canine size remained approximately the same. It is also notable that Au. afarensis canine crowns show the same basal proportions as in Homo (figure 3a), demonstrating that the major proportional changes in canine dimensions in hominin evolution happened between 3.9 and 3.4 Ma.
The dissociation between crown size and shape changes demonstrates that selection impacting crown shape was independent of that causing crown height reduction. This in turn bears on hypotheses that purport to explain the adaptive significance of canine crown size reduction in hominins (Brace 1963; Bailit & Friedlaender 1966; Wolpoff 1969 Wolpoff , 1980 Calcagno & Gibson 1988) . Crown height was reduced prior to the appearance of Au. anamensis, if Ar. ramidus indeed reflects the ancestral hominin condition , and certainly by the origins of the Australopithecus -human clade. Data now suggest that crown height did not reduce in order to provide room for expanding postcanine dentitions (Jungers 1978) , because basal dimensions and root size did not reduce concomitantly with crowns. Crown height also did not reduce in order to enhance an incisal or biting function (Szalay 1975; Wolpoff 1980; Greenfield 1992 ) because shape change in the crown did not accompany crown height reduction. Following a loss of function of the canine teeth as weapons (for behavioural reasons, or following masticatory changes precluding the use of projecting canines), male canine size-especially crown heightreduced to the size of those of female extant apes, as has occurred in other primates (Plavcan et al. 1995) . However, canine shape becomes altered simultaneously with mandibular lateral incisor breadth (Ward et al. 2001) and premolar form only with the appearance of Au. afarensis in the absence of further crown height reduction. Dental evolution in Australopithecus C. V. Ward et al. 3337 It could be possible that smaller canine roots in Au. afarensis could be related to decreased loading of the canines in puncturing or crushing (Spencer 2003) , but microwear studies in Au. afarensis imply that, in fact, use of the canine for these activities probably was greater in Au. afarensis than in apes (Ryan & Johanson 1989) . Comparisons with Au. anamensis microwear will be necessary to explore this possibility further.
To date, the fossil record is insufficient to evaluate whether these events in canine and premolar evolution were indeed simultaneous, but they are so within the current resolution available in the fossil record. In any event, it is now clear that crowns and roots did not change shape and size as part of a unimodal selection pressure that drove the canines to the modern human form. Rather, the patterns of morphological change suggest to us that the selective pressure shaping canine form during the evolution of Au. anamensis and early Au. afarensis was distinct from that of the earliest hominins, and of later Homo. This function almost certainly related to food acquisition or processing, but in a manner distinctive to early Australopithecus.
MANDIBULAR AND MAXILLARY MORPHOLOGY
Other morphologies distinguishing Au. anamensis and Au. afarensis also are related to the change in canine tooth size, and in morphology of the canine/premolar complex. In particular, canine tooth root size affects the occlusal outline of the anterolateral corner of the mandible. The mandible of Au. anamensis is distinct from that of Au. afarensis in having an inflated alveolar profile along the roots, so that the canines are set anteriorly to the postcanine tooth rows (figure 4) (Ward et al. 2001 ). In the male mandible, the effect of a large root is particularly notable. In contrast, in Au. afarensis, the broadest region across the anterior mandible is found adjacent to P 3 , and the canines are set medial to the premolars. There also is less variation in this contour among mandibles, presumably related to less canine root size dimorphism than in Au. anamensis. Certainly, canine size is correlated with mandibular form in primates (Plavcan & Daegling 2006) . Another factor influencing the relatively broad anterior portion of the mandible in Au. anamensis is that the lower lateral incisors are relatively broader than in Au. afarensis (Ward et al. 2001) . Both canine root breadths and incisor breadth would affect anterior mandibular size and shape.
The maxilla of Au. anamensis, and early Au. afarensis from Laetoli (Garusi 1; Puech 1986; Puech et al. 1986 ), appears to have narrowly spaced, relatively straight maxillary tooth rows, also seen in the Woranso-Mille sample (Haile-Selassie et al. 2010). They also have rounded margins of the lateral nasal aperture. Both of these features are plausibly related to reduction in canine tooth root size. Canine root length may not be related to maxillary shape (Cobb & Willis 2008; Plavcan et al. 2009 ), but root basal area would certainly affect maxillary breadth in this region and thus the supporting bone.
Thus, the selective force that shaped canine root size reduction is plausibly linked to pressures that afarensis was adapted to greater masticatory stresses is also suggested by the increased height of its molar crowns (Leakey et al. 1995; Ward et al. 1999b Ward et al. , 2001 . Australopithecus afarensis mandibles also tend to have more posteriorly divergent tooth rows than does Au. anamensis, whose tooth rows are narrower and more parallel, more like those of extant apes (Ward et al. 2001) . Narrow tooth rows increase symphyseal stresses owing to wishboning and torsion of the mandible during mastication (Hylander 1984 (Hylander , 1985 Ravosa 2000) . Australopithecus anamensis had a correspondingly large postincisive planum and strongly developed mandibular tori, probably related to this overall geometry. A wider geometry in Au. afarensis would reduce forces from wishboning owing to pull of the external masticatory muscles and bone (Hylander 1985) . More divergent tooth rows also decrease symphyseal torsional stresses. It is notable, therefore, that despite altered mandibular geometry, symphyseal robusticity still tends to be relatively greater in Au. afarensis than Au. anamensis. Given the effects of mandibular geometry on symphyseal stresses, it may be that selection for more divergent tooth rows influenced the reduction of lateral incisor breadth and canine root size in order to reduce Basal proportion differences are seen only in the maxillary canine and mandibular premolar, the teeth that hone, but not mandibular canine or maxillary premolar, illustrating that observed shape changes are associated with a further reduction in honing and a shift in occlusal relationships in this complex.
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(c) Morphologic differences in canines and P 3 . Australopithecus anamensis has a lower mesial crown shoulder and longer mesial crest in the maxillary canine, a narrower, more blade-like mandibular crown with pronounced distal tubercle and a more unicuspid P 3 with centrally placed paraconid compared with Au. afarensis. Data in tables 1 and 3. Scale bar, 1 cm.
the breadth of the anterior mandible in Au. afarensis. This may have co-occurred with widening of the posterior part of the mandible, too. In order to maintain appropriate occlusal relationships, this could also have led to concomitant reduction in maxillary canine root dimensions, and corresponding reduction in maxillary inflation along the canine juga and lateral nasal aperture.
Thus, the mandibular morphology of Au. afarensis implies selection for the ability to process harderto-chew foods, possibly opening up new niches. However, it is not only the masticatory system that has changed; reduction in lateral incisor breadth and reshaping of the canine crowns and the caninepremolar complex also suggest that selection for altered function of the anterior dentition in food processing occurred in the transition from Au. anamensis to Au. afarensis.
TOOTH WEAR
One feature not previously appreciated from published fossils is that for those specimens showing substantial tooth wear, there appears to be differentially heavy anterior tooth wear in Au. anamensis compared with Au. afarensis. Quantitative comparisons of gross wear patterns are difficult owing to the fragmentary preservation of the dentitions, but qualitative comparisons can be made. Overall, Au. anamensis appear to have higher frequencies of heavier tooth wear than seen in Au. afarensis.
Three out of four known Au. anamensis maxillae that preserve molars and anterior teeth all have heavy anterior wear relative to that of the molars (figure 5). KNM-KP 29283 has dentine exposure crossing both lingual cusps of M 1 and M
2
. Its incisors and canines preserve only a narrow band of enamel labially, but were wearing onto the roots lingually. The new specimen, KNM-KP 47952 (Manthi et al. in preparation) , also has unusually high anterior tooth wear, with only 1-2 mm of enamel remaining along the lingual surfaces of its incisors and canines. In apparent contrast, dentine is only exposed on M 2 as a tiny pit on the paracone. Even if this molar is not associated, which it almost certainly is, there is an unusually heavy amount of anterior wear. Another Kanapoi fossil, KNM-KP 30498, has M 2 preserved, but on M 1 has a small area of dentine exposed only on the paracone. Its I 1 is worn all the way up to the basal tubercle, probably about halfway through the original length of the tooth. The canine of this same specimen is worn almost up to its mesial or distal tubercles. In fact, no unworn incisors are known from Au. anamensis at all, except those of young individuals whose teeth are either not yet or barely in occlusion, and/or who exhibit little or no molar wear. The only relatively unworn maxilla with canine is ASI-VP-2/344 from Aramis, which has no dentine exposure on M 2 but still exhibits apical wear on its canine (White et al. 2006) . This specimen appears comparable in wear to teeth in the Au. afarensis maxilla AL 200-1.
In contrast, no comparably heavy differential wear is found in the associated maxillary dentitions of Au. afarensis at Hadar or Laetoli, and none is as heavily worn as any of the three Kanapoi specimens. The M 2 s of AL 444 (Kimbel et al. 2004 ) are more worn than those of KNM-KP 47952, but less than those of KNM-KP 29283, but most of the incisor and canine crowns are intact in AL 444. AL 199-1 and AL 200-1 have less wear on their molars than any Au. anamensis maxilla, and while they have some wear on the incisors and canines, it is not heavy. The Dental evolution in Australopithecus C. V. Ward et al. 3341 most worn published Au. afarensis incisor is AL 198-17a (Johanson et al. 1982) which is comparable to that of KNM-KP 30498. Unfortunately it is not associated with any postcanine teeth, so further comparison cannot be made.
Mandibular tooth wear is not directly comparable to maxillary wear, but even in sufficiently preserved mandibular dentitions, anterior tooth wear is at least as great or greater on the teeth relative to the molars in Au. anamensis when compared with Au. afarensis. The Au. afarensis mandible with the most heavily worn molars, AL 198-1, has dentine exposed across the occlusal face of M 1 and buccal cusps of M 2 , but still has most of its canine crown preserved. It is only slightly less worn anteriorly than the Au. anamensis type mandible KNM-KP 29281. The most heavily worn mandibular dentition of all is the Au. anamensis specimen FJ-4-SB-1a from Fejej, Ethiopia (Fleagle et al. 1991 ), which has a similar level of molar wear to AL 198-1, yet it has dentine exposure over almost the entire P 3 cusp and the associated canine is almost completely worn to the root, preserving only a narrow band of enamel.
In summary, no anterior teeth are known from Hadar in which the entire crown is missing, yet many specimens attributed to Au. anamensis are very heavily worn. All individuals with sufficiently heavy molar wear to expose dentine on M2 have very heavily worn anterior teeth in Au. anamensis, whereas this is not the case for Au. afarensis. Only expanding sample sizes will provide an adequate test of how typical this distinction is, but current fossils are suggestive.
There could be three possible explanations for this, which are not mutually exclusive, and all hint at selection for altered involvement of the anterior dentition. The first possibility is that the anterior permanent dentition erupts earlier relative to the molars in Au. anamensis than Au. afarensis, and that there was a shift to delay eruption of the incisors and canines in Au. afarensis relative to molar development. The second would be ingesting or biting foods with higher levels of tannins, which might increase intraoral friction and cause higher tooth wear (Prinz & Lucas 2000) . The third possibility is that there is a difference between these samples in patterns of food processing involving the anterior dentition in which the teeth are suffering greater mechanical abrasion (Teaford & Ungar 2000) . Under any of these scenarios, anterior tooth use or dietary properties probably would have differed between Au. afarensis and Au. anamensis.
We suggest that the chemical hypothesis does not provide the most satisfactory explanation because relative anterior wear appears to decrease in concert with shape changes in incisor breadth, canine length and crown shape, as well as premolar proportions and crown morphology. The combination of changes in both wear gradient and dental morphology hints at a mechanical factor. Detailed study of anterior tooth microwear and dental growth patterns are needed to help test the various hypotheses of altered tooth wear between these species. Regardless, no matter what the explanation, the pattern suggests a shift in diet or anterior tooth use of some sort.
SUMMARY AND CONCLUSIONS
The discovery of new fossils, even though representing only a small portion of the anatomy of Au. anamensis, dictates a more careful, circumspect view of the role of this taxon in hominin evolution, and thereby the pattern of the origin of the adaptive suite of behaviours and characters shaping the early evolution of the Australopithecus -human clade. Australopithecus anamensis documents a morphology in the anterior face and dentition that is clearly transitional between a more primitive hominin form, and that seen in Au. afarensis.
Given that the fossil record consists of mainly teeth and jaws, it should come as no surprise that the evidence suggests that any adaptive shift from Au. anamensis -afarensis lineage was related to diet. The data from the new Kanapoi fossils, in combination with previously published data, demonstrate that adaptively significant differences exist between Au. anamensis and Au. afarensis. These morphologies are not isolated, but seem to reflect an adaptive shift to a diet involving heavier mastication and at the same time altered use of the anterior dentition in food processing.
Taken together, the greatest known differences between Au. anamensis and Au. afarensis are associated with evolutionary changes within the canine/P 3 complex, and with adaptations for coping with increasing masticatory loads on the postcanine dentition. It has long been supposed that reduction in canine crown height accompanied selection for an increased ability to masticate tougher or harder foods, as well as with origins of habitual terrestrial bipedality. Ardipithecus ramidus demonstrates that crown height reduction is not linked to increased ability to masticate tougher or harder foods (White et al. 1994; Suwa et al. 2009) , and Au. anamensis demonstrates that shape change altering occlusal relationships between the canine and premolar, and reduction in canine crowns and roots were dissociated. Even though the canine/P 3 complex changed form in the Au. anamensis/Au. afarensis lineage, canine crown size itself remained stable, while the dentition and mandible showed progressive changes that suggest adaptation to heavy loads.
The dissociation between changes in root and crown size is distinctive in the evolution in Au. anamensis -afarensis. Given that Ardipithecus also has large roots relative to its crowns ), the Au. anamensis condition appears primitive for hominins. A reduction in root size is achieved with the appearance of Au. afarensis, a species in which the premolars are more molariform, lower lateral incisors less broad and maxillary canine crowns are mesiodistally shorter with concomitant shorter mesial crests, mandibular canines less blade-like and more symmetrical in profile. Tooth rows are less parallel and anterolateral mandibular and maxillary contours less inflated, probably related to the presence of smaller canine roots. An association between root size reduction and a shift to a more functionally advantageous jaw morphology is worth investigating.
Furthermore, the new Kanapoi fossils highlight the nature of Au. anamensis as a truly transitional species between a more primitive condition to what is seen in Au. afarensis, and to some extent later hominins.
Australopithecus anamensis was not just a primitive version of Au. afarensis, it was the species at the root of the Australopithecus -human clade in which some key aspects of Australopithecus morphology were developing (see also Haile-Selassie et al. 2010) . At the same time, not all of the characteristics seen in Au. afarensis were present at the origin of the Australopithecushuman clade, so not all distinguish members of this clade from its sister taxa.
Whether apparent dietary evolution co-occurred with shifts in locomotor or manipulative adaptations, body size, dimorphism, cranial morphology or brain size during the early evolution of the Australopithecushuman clade can only be elucidated with more fossils from the time of first occurrence of Australopithecus (4.17 Ma) and Au. afarensis from Hadar (3.4-3.0 Ma). We hypothesize that Au. anamensis is best viewed as not simply a primitive precursor to Au. afarensis, but rather part of a dynamic morphological transition from a primitive, ape-like morphology to the unique set of morphological adaptations and behaviours that characterized the australopithecine bauplan and the early evolution of the Australopithecus-human clade.
